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ION MOBILITY SPECTROMETERS AND 
METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority under 35 U.S.C. §119(e) 
(1) to US. patent application Ser. No. 60/122,774, ?led Mar. 
3, 1999, and entitled “Detection of Contraband Via Laser 
Ionization-Chemical IoniZation Ion Mobility Spectroscopy 
Using A 30-KiloWatt Microchip Ultraviolet Laser”, Which is 
hereby incorporated by reference in its entirety. 

This invention Was made With government support under 
Contract No. F19628-95C-0002 aWarded by the Air Force. 
The government has certain rights in the invention. 

FIELD OF THE INVENTION 

The invention relates to ion mobility spectrometers and 
methods. 

BACKGROUND OF THE INVENTION 

Ion mobility spectrometers are commonly used to detect 
the presence of target compounds. Typically, in an ion 
mobility spectrometer a target compound is ioniZed, passed 
through an electric ?eld and then detected by an electrode 
detector. 

The target compound can be directly ioniZed by an 
ioniZation source that emits energy that interacts With and 
ioniZes the target compound. Alternatively or additionally, 
the target compound can be indirectly ioniZed by an ioniZa 
tion source Which emits energy that interacts With and 
ioniZes an intermediate compound Which, in turn, interacts 
With and ioniZes the target compound. 

The amount of time it takes for the ioniZed target com 
pound to pass through the electric ?eld and reach the 
electrode detector can depend on a number of parameters, 
including the mass of the ioniZed target compound, the 
charge of the ioniZed target compound, and the strength of 
the electric ?eld. By manipulating these parameters, the 
ioniZed target compound can be detected by measuring the 
ion current at the electrode detector at a predetermined time. 

One type of ion mobility spectrometer is based on proton 
transfer. In this type of spectrometer, an ioniZed intermediate 
compound transfers a proton to the target compound to form 
the ioniZed target compound, Which is then passed through 
an electric ?eld and detected. Generally, the proton af?nity 
of the intermediate compound is less than the proton affinity 
of the target compound. 

Another type of ion mobility spectrometer is based on 
electron transfer. In this type of spectrometer, an ioniZed 
intermediate compound transfers an electron to the target 
compound to form the ioniZed target compound, Which is 
then passed through an electric ?eld and detected. Usually, 
the ioniZation potential of the intermediate compound is 
greater than the ioniZation potential of the target compound. 

SUMMARY 

In one aspect, the invention features a method of detecting 
a target compound in a sample. The method includes sub 
jecting the sample to conditions suf?cient to ioniZe the target 
compound by proton transfer ioniZation, and subjecting the 
sample to conditions suf?cient to ioniZe the target compound 
by electron transfer ioniZation. The method also includes 
detecting the proton transfer ?rst ioniZed sample by ion 
mobility spectrometry, and detecting the electron transfer 
ioniZed sample by ion mobility spectrometry. 
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2 
Embodiments can include one or more of the folloWing 

features. 
The method can include comparing the detection of the 

proton transfer ioniZed sample and the detection of the 
electron transfer ioniZed sample. In some embodiments, the 
method includes determining the presence of the target 
compound by detection of the compound by both proton 
transfer ioniZation and electron transfer ioniZation. 
The sample can be obtained by vapor collection. 
The target compound can have a proton af?nity of about 

7.5 eV or greater and/or an ioniZation potential of about 10 
eV or less. For example, the target compound can have a 
proton af?nity of from about 9 eV to about 12 eV and/or an 
ioniZation potential of from about 5 eV to about 8 eV. In 
some embodiments, the target compound can be an organo 
nitrogen compound. In certain embodiments, the target 
compound is at least one of LSD, heroin, cocaine, or their 
derivatives. 
The proton transfer ioniZation can include forming a ?rst 

ioniZed intermediate compound capable of transferring a 
proton from the ?rst ioniZed intermediate compound to the 
target compound. 
The electron transfer ioniZation can include forming a 

second ioniZed intermediate compound capable of transfer 
ring an electron from the second ioniZed intermediate com 
pound to the target compound. 

The method can include using a ?rst and/or second 
intermediate compound. The ?rst intermediate compound 
can be capable of ioniZing a ?rst set of compounds including 
the target compound and other knoWn compounds, and the 
second intermediate compound can be capable of ioniZing a 
second set of compounds including the target compound and 
other knoWn compounds, Which can be different than the 
?rst set. The ?rst intermediate compound can be an amine, 
such as a primary amine. The second intermediate com 
pound can be an aromatic compound and/or a compound 
containing a benZene ring. 
The proton transfer and electron transfer ioniZations can 

be detected simultaneously, or the proton transfer and elec 
tron transfer ioniZations can be detected in series. 

In another aspect, the invention features a system capable 
of detecting a target compound. The system includes a 
proton transfer ioniZation source capable of ioniZing a ?rst 
intermediate compound to form a ?rst ioniZed intermediate 
compound, an electron transfer ioniZation source capable of 
ioniZing a second intermediate compound to form a second 
ioniZed intermediate compound, and a detector capable of 
detecting the target compound after ioniZation by electron 
transfer or proton transfer. The ?rst intermediate compound 
can have a loWer proton af?nity than the target compound, 
and the second intermediate compound can have a higher 
ioniZation potential than the target compound. 
Embodiments can have one or more of the folloWing 

features. 
The detector can be an ion mobility spectrometer. The 

detector can be tWo ion mobility spectrometers operating in 
parallel. The detector can be a single ion mobility spectrom 
eter for alternately detecting the proton transfer source and 
the electron transfer source. 

The system can further include a comparison apparatus in 
electrical communication With the detector. The comparison 
apparatus can compare a ?rst signal from ioniZation by 
proton transfer ioniZation With a second signal from ioniZa 
tion by electron transfer ioniZation. The comparison appa 
ratus can determine the presence of the target compound by 
detection of the compound in both the ?rst and second 
signals. 
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The ?rst ionization source can emit electrons capable of 
ionizing the ?rst intermediate compound to form the ?rst 
ioniZed intermediate compound. The second ioniZation 
source can be a laser, such as a laser that can emit photons 
having a Wavelength of at least about 190 nanometers, a 
microchip UV laser, and/or a tunable laser. 

The target compound can have a proton af?nity of about 
7.5 eV or greater and/or an ioniZation potential of about 10 
eV or less. For example, the target compound can have a 
proton af?nity of from about 9 eV to about 12 eV and/or an 
ioniZation potential of from about 5 eV to about 8 eV. In 
some embodiments, the target compound can be an organo 
nitrogen compound. In certain embodiments, the target 
compound is at least one of LSD, heroin, cocaine, or their 
derivatives. 

In a further embodiment, the invention features a system 
for detecting a target compound in a sample that includes a 
sample inlet, a ?rst ioniZation source that can emit electrons 
capable of ioniZing a ?rst intermediate compound to form a 
?rst ioniZed intermediate compound, a laser that can emit 
photons capable of ioniZing a second intermediate com 
pound to form a second ioniZed intermediate compound, a 
detector that includes an ion mobility spectrometer capable 
of detecting the ?rst ioniZed target compound and the second 
ioniZed target compound, and a comparison apparatus in 
electrical communication With the detector so that the com 
parison apparatus can compare a ?rst signal corresponding 
to the ?rst ioniZed target compound and a second signal 
corresponding to the second ioniZed target compound. The 
?rst intermediate compound can have a loWer proton affinity 
than the target compound, and the target compound can have 
a proton af?nity of about 7.5 eV or greater. The ioniZation 
potential of the second intermediate compound can be 
greater than an ioniZation potential of the target compound, 
and the target compound can have an ioniZation potential of 
about 10 eV or less. 

Embodiments can have one or more of the folloWing 
features. 

The photons can have a Wavelength of at least about 190 
nanometers. 

The laser can be a UV microchip laser and/or a tunable 
laser. 

The detector can be tWo ion mobility spectrometers 
operating in parallel. 

In one aspect, the invention relates to the appreciation that 
ion mobility spectrometer systems and methods that com 
pare the target compound output signals from more than one 
type of ion mobility spectrometer can provide enhanced 
detection sensitivity and/or detection selectivity for the 
target compound relative to ion mobility spectrometer sys 
tems and methods that involve only one type ion mobility 
spectrometer. The systems can include a single ion mobility 
drift tube equipped With tWo different ioniZation sources 
(e.g., a laser and a corona source). Alternatively or 
additionally, the systems can include tWo different drift 
tubes, ioniZation sources and/or gas streams. 

In certain embodiments, the system is in the form of a 
portable device that includes a vacuum unit for taking in the 
sample compound(s) to be analyZed. The device can be 
lightWeight and/or portable. The device can, for example, be 
used to detect the presence or absence of target compound(s) 
in samples at locations remote from a laboratory (e.g, 
airports, bus stations, and/or ships). 

In embodiments, the invention relates in part to the 
appreciation that for certain compounds there is a lack of an 
inverse relationship betWeen ioniZation potential and proton 
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4 
af?nity. For these compounds, combining ion mobility spec 
trometer systems and/or methods based on proton affinity 
and electron transfer can enhance detection selectivity and/ 
or sensitivity. 

Embodiments can have one or more of the folloWing 
advantages. 
The systems and/or methods of the invention can result in 

increased sensitivity and/or selectivity for detection of cer 
tain compounds, including some contraband compounds. 
The systems of the invention can be relatively easy to use, 
small, lightWeight and/or portable. 

Other advantages and features of the invention Will be 
understood from the ?gures, detailed description and claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic representation of an ion mobility 
spectrometer system according to an embodiment of the 
invention; 

FIG. 2 is a plot of proton af?nity and ioniZation potential 
for certain target compounds; 

FIG. 3 is a cross-sectional vieW of a proton af?nity ion 
mobility spectrometer according to one embodiment of the 
invention; 

FIG. 4 is a cross-sectional vieW of an electron transfer ion 
mobility spectrometer according to another embodiment of 
the invention; 

FIG. 5 is a cross-sectional vieW of an ion mobility 
spectrometer system according to an embodiment of the 
invention; 

FIG. 6 shoWs the drift time as a function of parent 
molecule molecular Weight for a variety of compounds 
detected using electron transfer ioniZation; 

FIG. 7 shoWs cocaine spectra in the presence of ioniZed 
aniline; 

FIG. 8 shoWs cocaine spectra in the presence of ioniZed 
aniline; 

FIG. 9 shoWs the signal as a function of mass of cocaine 
injected in the presence of either Xylene and aniline; 

FIG. 10 shoWs the drift time as a function of parent 
molecular Weight for a variety of compounds detected using 
proton transfer ioniZation; 

FIG. 11 shoWs the cocaine drift spectrum in the presence 
of ammonia; 

FIG. 12 shoWs the nicotine drift spectrum in the presence 
of ammonia; 

FIG. 13 shoWs the drift spectrum of a hair conditioner in 
the presence of ammonia; 

FIG. 14 shoWs the LSD drift spectrum in the presence of 
ammonia; 

FIG. 15 shoWs the THC drift spectrum in the presence of 
ammonia; and 

FIG. 16 shoWs the heroin drift spectrum in the presence 
of ammonia. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a combined proton af?nity ioniZation 
electron potential ioniZation system 10 includes a pair of ion 
mobility spectrometers 200, 300, and a comparison appara 
tus 400. Spectrometer 200 effects ioniZation by one 
mechanism, such as proton af?nity ioniZation, and spectrom 
eter 300 effects ioniZation by another mechanism, such as 
electron potential ioniZation. Each spectrometer has an inlet 
210, 310 for receiving an aliquot of the same sample. The 














